Binding of the influenza A virus to cell-surface receptors: structures of five hemagglutinin-sialyloligosaccharide complexes determined by X-ray crystallography.
The structures of five complexes of the X-31 influenza A (H3N2) virus hemagglutinin with sialyloligosaccharide receptor analogs have been determined from 2.5 to 2.8 A resolution by X-ray crystallography. There is well-defined electron density for three to five saccharides in all five complexes and a striking conformational difference between two linear pentasaccharides with the same composition but different linkage [alpha(2-->6) or alpha(2-->3)] at the terminal sialic acid. The bound position of the terminal sialic acid (NeuAc) is the same in all five complexes and is identical to that reported previously from the study of mono- and trisaccharides. The two oligosaccharides with NeuAc alpha(2-->6)Gal linkages and GlcNAc at the third position have a folded conformation with the GlcNAc doubled back to contact the sialic acid. The pentasaccharide with a terminal NeuAc alpha(2-->3)Gal linkage and GlcNAc at the third position has an extended (not folded) conformation and exits from the opposite side of the binding site than the alpha(2-->6)-linked molecule of the same composition. The difference between the conformation of the pentasaccharide with a 2,6 linkage and the trisaccharide 2,6-sialyllactose suggests that 2,6-sialyllactose is not, as previously believed, an appropriate analog of natural influenza A virus receptors. The oligosaccharides studied are NeuAc alpha(2-->3)Gal beta(1-->4)Glc, NeuAc alpha(2-->6)Gal beta(1-->4)Glc, NeuAc alpha(2-->3)Gal beta(1-->3)GlcNAc beta(1-->3)Gal beta(1-->4)Glc, NeuAc alpha(2-->6)Gal beta(1-->4)GlcNAc beta(1-->3)Gal beta(1-->4)Glc, and [NeuAc alpha(2-->6)Gal beta(1-->4)GlcNAc]2 beta(1-->3/6)Gal-beta-O-(CH2)5-COOCH3.